Ultrasonic velocities and densities of the binary liquid mixtures of benzene with 1-propanol, 2propanol, 1-butanol, 2-butanol and 3-butanol at 303.15 to 318.15 K, over the entire composition range were measured. The theoretical values of ultrasonic velocity were evaluated using the Nomoto's Relation (NR), Ideal Mixture Relation (IMR), Free Length Theory (FLT) and Collision Factor Theory (CFT). The validity of these relations and theories were tested by comparing the computed sound velocities with experimental values. Further, the molecular interaction parameter (α) was computed by using the experimental and the theoretical ultrasonic velocity values. The variation of this parameter with composition of the mixtures has been discussed in terms of molecular interaction in these mixtures.
INTRODUCTION
Among the non-spectroscopic methods in the study of molecular interactions, the ultrasonic velocity measurement finds extensive applications owing to its ability of characterising the physico-chemical behavior of liquid systems from speed data. The ultrasonic velocity of liquid is fundamentally related to the binding forces between the atoms or the molecules. According to physical concept of liquid model [1] [2] [3] , molecules in the liquid state are so loosely packed as to leave some free space in between them. The intermolecular free space and its dependent properties are related to intermolecular interactions and may reveal the some information regarding the interaction, which may be occurring when the liquids are mixed together.
Acoustical and thermodynamic properties are of great significance in studying the physico-chemical behavior and molecular interactions in pure liquid components and their mixtures. Literature survey shows that ultrasonic study of liquid mixture is highly useful in understanding the nature of molecular interactions 4, 5 and physico-chemical behavior of the liquid mixtures [6] [7] [8] further, these ultrasonic velocities and other related properties of liquid mixtures are valuable in testing the various theories of liquid state.
The theoretical evaluation of sound velocity in liquids and liquid mixtures as a function of composition is of considerable interest. Also a comparison of theoretically obtained sound velocities with those of experimental is found to be useful in knowing the thermodynamics of liquid and liquid mixtures and provides a better means to test the validity of the various empirical relations and theories. In recent years various theories [9] [10] [11] [12] have been in use for computing ultrasonic velocity in liquid mixtures and the deviation in theoretical sound velocity from that of the experimental has been attributed mainly to the molecular interactions prevailing in liquid mixtures.
The measurements of ultrasonic velocity in solutions formed by liquid components reveals the degree of deviation from ideality whenever there are interactions among the component molecules. The deviations have been used to gain insight into nature and degree of interactions among the interacting systems. In the case of liquid mixtures the data on composition dependency of ultrasonic velocity help to understand the nature of molecular interactions in terms of some physical parameters. A departure from linearity in the ultrasonic velocity versus composition behavior in liquid mixtures is an indication of the existence of interaction between different species 13 . Various theories which were originally proposed for binary mixtures 14 Ramasamy and Anbananthan 15 carried out the ultrasonic investigations on some binary and ternary liquid mixtures and correlated the experimental findings of ultrasonic velocity with the theoretical relations suggested by Nomoto 16 and Van Deal and Van Geel 17, 18 and interpreted the results in terms of molecular interactions.
In the present investigation, the ultrasonic velocity of binary liquid mixtures of benzene with alcohols have been theoretically evaluated by using various theories at 303.15 -318.15 K and these theoretical values are compared with experimental values. Further, the intermolecular interaction parameter (α) has been discussed in the light of deviations observed by plotting the experimental and the theoretical values of ultrasonic velocity against the mole fraction of alcohols.
EXPERIMENTAL
Ultrasonic velocity of pure liquids and liquid mixtures were measured at 3MHz with variable path single beam interferometer having gold plated quartz crystal at the bottom and double walled gold plated cell having grooves at inside walls to check the overlapping of stationary waves to produce clarity nodes and internodes. The accuracy of velocity measurements is ± 0.1 ms -1 . The temperature during the experiment was controlled by circulating water around the liquid cell from the thermostatically controlled adequately stirred water bath (accurately ± 0.1 ºC).
The densities of pure liquids and liquid mixtures were determined from the weight measurements on using the specific gravity bottle immersed in the thermostat at the experimental temperature and the accuracy in the measurements is ± 0.1 Kgm -3 .
The liquids used in the present work were of AR grade and were purified according to the standard procedure in the literature 19 . The liquid mixtures were prepared by mixing calculated amount of pure liquids.
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THEORETICAL ASPECTS
Nomoto 16 established an empirical formula for ultrasonic velocity in binary liquid mixture
Where U NR = ultrasonic velocity as per Nomoto, R = Rao constant, is related to molecular weight M and density ρ by,
Van Deal and Van Geel 17, 18 proposed the following expression for the estimation of sound velocity u IMR in an ideal mixture using the sound velocities in the pure components According to Jacobson's theory 11 of free length, the ultrasonic velocity is given by
According to Jacobson's theory 11 of free length, the ultrasonic velocity is given by
For the Binary liquid mixture Eq. (4) is
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Y is an adjustable parameter in the evaluation of velocity in liquid mixtures. Y is obtained from velocity in pure liquids using equation Eq.(4):
Where K is the temperature -dependent Jacobson's constant 11 , V a is the available molar volume, which is the difference between the molar volumes at T(K) and 0(K), is a direct measure of the compactness and the strength of bonding between the molecules of a liquid in mixture. V a is given by
When Y in Eq. (5) is replaced according to Eq. (6) and when the resulting expression is rearranged, one gets
Eq. (8) says that according to the free length theory the square root of the inverse of the adiabatic compressibility of liquid mixture (uρ 1/2 ) is the sum of the available volume fraction average of the square root of the inverse of adiabatic compressibilities of the individual components.
Collision Factor Theory (CFT)
According to Schaaffs 12 the sound velocity in pure liquid is given by
where u ∞ =1600m/s; s = collision factor and B/V M = space filling factor, B is the actual volume of molecules per mole.
For binary liquid mixtures this formula was modified by Nutsch -Kuhnekies 20 as: 
The degree of intermolecular interaction (molecular association) is given by, α = (u exp 2 / u im 2 ) -1 (13) 
RESULT AND DISCUSSION
The experimental and computed ultrasonic velocity using NR -Eq. (1), IMR -Eq. (3), FLT -Eq. (8) and CFT -Eq. (10) and also the percentage relative deviation between experimental predicted ultrasonic velocity values for the alcohols + benzene systems at 303.15 K -318.15 K are given in Table 1 . Molecular interaction parameters (α) are also given in Table 1 . The variations of experimental and theoretical ultrasonic velocities with the concentration of alcohols are represented in Fig.1 .
The predictive abilities of various ultrasonic theories depend upon the strength of the interaction prevailing in a system; these theories generally fail to predict accurately the ultrasonic velocities where strong interactions supposed to exist and the average absolute percentage relative deviation is small in systems where the interactions are less or nil. The theoretically found ultrasonic velocities of liquid mixtures reveal that CFT shows better agreement than the other relations.
Compared to FLT, CFT succeeds in making accurate predictions of ultrasonic velocities, the error range being only 0.04% (benzene + 2-butyl alcohol at 318.15 K) to 0.70% (benzene + 2-propyl alcohol at 318.15K) compared to 1.72% (benzene + 1-butyl alcohol at 303.15K, benzene + 3-butyl alcohol at 318.15 K) to 2.16% (benzene + 1-propyl alcohol at 308.15 and 313.15 K) of the former. Agnihotri and Adgaonkar 21 also arrived at the same conclusion for ethylbenzene + n-alkanol (s) systems. Both the NR and the IMR give satisfactory estimates of ultrasonic velocities for all the mixtures 22 . However, there is a better agreement between the estimated ultrasonic velocity values through the IMR and the experimental results. The average absolute percentage deviation for the IMR varies from 0.06% (benzene + 2-propyl alcohol at 313.15 K) to 0.66% (benzene + 3-butyl alcohol at 313.15 K) to 1.83% (benzene + 2-propyl alcohol).
The CFT consider that the elastic nature of spherical molecules is responsible for the molecular interaction. It is more valid in these mixtures. On the other hand, The FLT assumes that molecules are rigid spheres with no interaction between them and it is not valid in the present cases. Hence the deviation from the experimental ultrasonic velocity values is maximum in the CFT. Though both the IMR and NR fit the data reasonably well, the gives a better fit.
The deviation of the ratio U exp 2 / U im 2 from unity (degree of interaction,α) and its variation as a function of mole fraction of alcohols is a direct measure of the nonideality of the system as a consequence of association or other type of interactions.
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